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5 BACKGROUND OF THE INVENTIO N yyf p : 

1. Field of the Invention Signature- 

The present invention relates to a structure of a semiconductor device provided with 
a semiconductor circuit made of a semiconductor element such as an insulated gate type 
transistor, and a method of fabricating the same. Particularly, the invention relates to a 

10 structure of a semiconductor device provided with a semiconductor circuit made of a 
semiconductor element having an LDD structure formed by using organic resin, and a 
method of fabricating the same. The semiconductor device of the present invention 
includes not only a element such as a thin film transistor (TFT) or a MOS transistor, but 
also a display device including a semiconductor circuit constituted by these insulated gate 

15 type transistors or an electro-optical device such as an image sensor. In addition, the 
semiconductor device of the present invention includes also an electronic equipment 
having these display device and electro-optical device. 



2. Description of the Related Art 

Attention has been paid to an active matrix type liquid crystal display provided with 
20 a pixel matrix circuit and a driver circuit which are constituted by thin film transistor 
(TFTs) formed over a substrate having an insulating property. The liquid crystal display 
with a size of about 0.5 to 20 inches is used for a display. 

At present, for the purpose of realizing a liquid crystal display enabling high fineness 
expression, attention has been paid to a TFT having an active layer of a crystalline 
25 semiconductor film typified by polysilicon. However, although a TFT having an active 
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)^^rystalline semiconductor film is supe^^u 



layer ofWrystalline semiconductor film is superJ^in operation speed and driving 
capability as compared with a TFT having an active layer of an amorphous semiconductor 
film, it has a problem that fluctuation in TFT characteristics is large. 

An interface between an active layer and a gate insulating film can be named as one 
5 of causes of the occurrence of this fluctuation in TFT characteristics. If this interface is 
polluted, the TFT characteristics are badly affected. Thus, it is important to clean the 
interf ace between the active layer and the insulating film being in contact with the active 
layer. 

At present, a TFT is required to have high mobility, and a crystalline semiconductor 

10 film having mobility higher than an amorphous semiconductor film is regarded as the most 
likely active layer of a TFT. A brief outline of a conventional method of fabricating a TFT 
will be described below. 

First, a gate wiring line is formed on an insulating substrate, a gate insulating film 
and an amorphous silicon film are stacked thereon, and the amorphous silicon film is 

15 subjected to a crystallizing process such as heating or irradiation of laser light, so that the 
amorphous silicon film is transformed into a polysilicon film. Next, this polysilicon film 
is patterned into a desired shape to form an active layer. Next, an impurity to give P type 
or N type conductivity is selectively introduced into the polysilicon film, so that impurity 
regions which become a source region and a drain region are formed. Subsequently, an 

20 interlayer insulating film is deposited, and contact holes to expose portions on the source 
region and the drain region are formed, and then, a metal film is formed and is patterned, 
so that metal wiring lines being in contact with the source region and the drain region are 
formed. In this way, fabricating steps of the TFT are completed. t 
Like this, in the conventional method, since the insulating film is formed after some 

25 steps (for example, crystallizing step, patterning step) are carried out subsequent to the 
formation of the amorphous semiconductor film, the amorphous semiconductor film is 
exposed to the atmosphere. 

Especially the atmosphere in a clean room contains boron mainly from a HEPA filter 



(high eMency particulate air-filter) generally usedWcleaning, and when an active layer 
is exposed to the atmosphere, an indefinite amount of boron is mixed into the active layer. 
Conventionally, fabrication was made while the active layer was exposed to the 
atmosphere, and in the case where the SIMS analysis was carried out, an interface (at a 




"main surface side or rear surface side) of an active layer of a TFT had a concentration 
peak (indicated by a broken line B in Fig. 14) of boron, and its maximum value was 1 x 
10 18 atoms/cm 3 or more. When boron is mixed into the active layer like this, it becomes 
difficult to control the concentration of impurities in the active layer, which causes the 
fluctuation of threshold values of TFTs. In the case where another filter is used, the cost 
becomes so high that this is not suitable. 

Like this, in the conventional method, after a semiconductor film is formed, the 
surface of the semiconductor film is exposed to the atmosphere, and the semiconductor 
film which becomes an active layer is polluted by impurities (boron, oxygen, moisture, 
sodium, etc.) in the atmosphere. Besides, after formation of a gate insulating film, the 
semiconductor film which becomes the active layer is formed on the gate insulating film 
which has been exposed to the atmosphere and has been polluted, so that the 
semiconductor film is polluted by the impurities (boron, oxygen, moisture, sodium, etc.) 
in the atmosphere. When a semiconductor element, for example, a TFT is fabricated by 
using the semiconductor film polluted in this way, characteristics of an interface between 
the active layer, especially a channel formation region and the gate insulating film are 
degraded, which causes fluctuation and deterioration of electrical characteristics of TFTs. 
Besides, also in a crystallizing step, the impurities (boron, oxygen, moisture, sodium, etc.) 
hinder crystallization of the semiconductor film. t 

Besides, a structure of a thin film transistor provided with an LDD region has been 
conventionally known. An example of a thin film transistor provided with an LDD region 
is disclosed in Japanese Patent Application Examined No. Hei. 3-38755 and Japanese 
Patent Application Laid-open No. Hei. 7-226515. The LDD region relieves the strength 
of an electric field formed between a channel formation region and a drain region, and 
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serves^P>wer an OFF current of a transistor and^^revent deterioration. However, a 
method of fabricating an LDD structure using a conventional technique is complicated, 
and many steps are required. 



SUMMARY OF THE INVENTION 



5 An object of the present invention is to enhance characteristics of a TFT by 

improving an interface between an active layer, especially a region making a channel 
formation region and an insulating film, and to provide a semiconductor device provided 
with a semiconductor circuit made of a semiconductor element having uniform 
characteristics and a method of fabricating the same. 

10 Another object of the present invention is to provide a semiconductor device 

provided with a semiconductor circuit made of a semiconductor element with an LDD 
structure which is high in reproducibility, improves stability of transistor characteristics, 
and is high in productivity, and a method of fabricating the same. 

In order to achieve the above objects, one of the features of the present invention is 

15 that at least a gate insulating film and a semiconductor film are formed without exposing 
them to an atmosphere onto an insulating surface on which a gate wiring line is formed, 
next, crystallization by irradiation of infrared light or ultraviolet light (laser light) is 
carried out, and then, doping of an impurity is carried out, so that a source region and a 
drain region are formed. The doping of the impurity is carried out through an insulating 

20 film covering the semiconductor film. That is, the feature of the present invention is that 
when a TFT of a bottom gate structure (typically, inverted stagger structure) is formfd, 
a same chamber or a multichamber apparatus, for example, a system as shown in Fig. 13 
is used so that the semiconductor film to become the active layer is prevented from being 
exposed to the atmosphere. By such structure, pollution of the interface of the active layer 

25 is prevented, and stable and excellent electrical characteristics are realized. 

An invention which the present specification includes a structure that a 

4 
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semiconl^br device provided with a semiconducSPRrcuit made of a semiconductor 
element, comprising: a gate wiring line on an insulating surface; a gate insulating film 
being in contact with the gate wiring line; an active layer being in contact with the upper 
surface of the gate insulating film; a protection film being in contact with the upper 
5 surface of the active layer; arid an organic resin being in contact with the protection film 
and added with a trivalent or pentavalent impurity element, wherein the protection film 
covers at least a part of a source region, a drain region, and a channel formation region 
formed between the source region and the drain region, which constitute the active 
layer. 

10 In the above structure, the trivalent or pentavalent impurity element is phosphorus 



In the above structure, the organic resin has photosensitivity. 

In the above structure, the organic resin has a light shielding property. 

In the above structure, the protection film is formed through at least a forming step 



15 with irradiation of infrared light or ultraviolet light to an initial semiconductor film. 

Further, in the above structure, the active layer is a crystalline semiconductor film 
formed through at least a step of crystallizing an initial semiconductor film by irradiation 
of infrared light or ultraviolet light through the protection film. 



In addition, the gate insulating film, the initial semiconductor film, and the 



20 protection film are formed through at least a step of sequential laminate formation without 
exposure to an atmosphere. 

In the above structure, a concentration of a trivalent or pentavalent impurity in the 



In the above structure, a concentration of boron in a semiconductor film at an 
25 interface between the gate insulating film and the channel formation region or at an 
interface between the protection film and the channel formation region is 3 x 10 17 
atoms/cm 3 or less. 



or boron. 



organic resin is 1 x 10 19 atoms/cm 3 or more. 
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Furt^Pmore, in the above structure, a concentR^Hi of oxygen in a semiconductor 
film at an interface between the gate insulating film and the channel formation region or 
at an interface between the protection film and the channel formation region is 2 x 10 19 
atoms/cm 3 or less. 
-5 - - Inthe above struct 

at an interface between the gate insulating film and the channel formation region or at an 
interface between the protection film and the channel formation region is 5 x 10 iS 
atoms/cm 3 or less. 

In the above structure, the gate wiring line has a single layer structure or laminate 
10 structure, and is made of a material mainly containing one kind of element selected from 
the group consisting of aluminum, tantalum, molybdenum, titanium, chromium, and 
silicon, or a material mainly containing silicon added with a P-type or N-type impurity. 

In the above structure, the protection film has a thickness of 5 to 50 nm. 

Incidentally, in the present specification, the term "initial semiconductor film" means 
15 a semiconductor film generically, and typically indicates a semiconductor film having 
amorphous, for example, an amorphous semiconductor film (amorphous silicon film, etc.), 
an amorphous semiconductor film having microcrystal, or a microcrystalline 
semiconductor film, and these semiconductor films include a Si film, a Ge film, and a 
compound semiconductor film (for example, Si x Ge 10C (0 < X < 1), typically an amorphous 
20 silicon germanium film indicated by X = 0.3 to 0.95, etc.). This initial semiconductor film 
can be formed by a well-known technique, for example, a low pressure CVD method, a 
thermal CVD method, a PCVD method, or a sputtering method. 

Besides, in the present specification, the term "crystalline semiconductor fillh" 
indicates a single crystal semiconductor film, and a semiconductor film (including a 
25 polycrytal semiconductor film and a microcrystal semiconductor film) containing crystal 
grain boundaries, and is clearly distinguished from a semiconductor (amorphous 
semiconductor film) which is in an amorphous state over the whole region. Of course, in 
the present specification, it is needless to say that the recitation "semiconductor film" also 




inclu^Rn amorphous semiconductor film in acMbn to the crystalline semiconductor 
film v 

Besides, in the present specification, the term "semiconductor element" indicates a 
switching element or a memory element, for example, a thin film transistor (TFT), a thin 
5 film "diode (TFD), or the like. 

Moreover, one of the features of the present invention is that an LDD region is 
formed by using, for example, a photosensitive organic material film, a silicon oxide film, 
or the like as a mask on a protective film. Furthermore, the present invention is 
characterized in that an active layer, especially a channel formation region is protected 

10 against deterioration due to light by using the mask used for formation of the LDD 
structure as a light shielding film, and a removing step of the mask is omitted. In addition, 
at a crossing portion of a gate wiring line and other wiring lines, the mask functions as an 
insulating film, so that interwiring capacitance can be reduced. 

Moreover, a structure of a first method of fabricating a semiconductor device 

15 provided with a semiconductor circuit made of a semiconductor element, comprising the 
steps of: forming a gate insulating film and an initial semiconductor film into a laminate 
sequentially without exposing them to an atmosphere onto an insulating surface on which 
a gate wiring line has been formed; forming an oxide film at the same time as formation 
of a crystalline semiconductor film by crystallizing the initial semiconductor film with 

20 irradiation of infrared light or ultraviolet light; and adding a trivalent or pentavalent 
impurity element through the oxide film into a region to become a source region or drain 
region of the crystalline semiconductor film after covering a region to become a channel 
formation region of the crystalline semiconductor film with a mask. t 



25 provided with a semiconductor circuit made of a semiconductor element, comprising the 
steps of: forming a gate insulating film, an initial semiconductor film, and an insulating 
film into a laminate sequentially without exposing them to an atmosphere onto an 
insulating surface on which a gate wiring line has been formed; obtaining a crystalline 



Moreover, a structure of a second method of fabricating a semiconductor device 
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semicdWctor film by crystallizing the initial seSRnductor film with irradiation of 
infrared light or ultraviolet light through the insulating film; and adding a trivalent or 
pentavalent impurity element through the insulating film into a region to become a source 
region or drain region of the crystalline semiconductor film after covering a region to 
become a channel formation region of the crystalline semiconductor film with a mask. 

The structure of each of the fabricating methods is characterized in that the gate 
insulating film, the initial semiconductor film, and the protection film are formed by using 
chambers different from one another. 

The structure of each of the fabricating methods is characterized in that the gate 
insulating film, the initial semiconductor film, and the protection film are formed by using 
a same chamber. 

The structure of each of the fabricating methods is characterized in that the gate 
insulating film and the protection film are formed by using a first chamber and the initial 
semiconductor film is formed by using a second chamber. 

The structure of each of the fabricating methods is characterized in that contaminants 
on a film forming surface are reduced with active hydrogen or a hydrogen compound 
before the initial semiconductor film is formed. 

The structure of each of the fabricating methods is characterized by comprising a 
step of forming a silicon nitride film before the gate insulating film is formed. 

The structure of each of the fabricating methods is characterized by comprising a 
step of forming a laminate film containing BCB (benzocyclobutene) as a part of the gate 
insulating film. 



Figs. 1A to IE are views showing fabricating steps of TFTs (Embodiment 1); 
Figs, %Pi\o 2E-£reviews showing fabricating steps of the TFTs (Embodiment 1); 
Fig.^Hs a sectional view showing an example of a structure of a semiconductor 
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:^Jftibodiment 1); 



devic^piibodiment 1); 

Figs. 4-B^are top views of a pixel matrix circuit and a CMOS circuit 

(Embodiment 1); 

Fig. 5- is a sectional view showing an example of a structure of a semiconductor 
device (Embodiment 3); - 

Fig. 6 is a sectional view showing an example of a structure of a semiconductor 
device (Embodiment 4): 

Fig. sectional view showing an example of a structure of a semiconductor 
device (Embodiment 5);^ 

Figs. §A to 8E are views showing fabricating steps of TFTs (Embodiment 6); 



Fig. 9 is a sectional view showing an example of a structure of a semiconductor 
device (Embodiment 6); 

Figs. l()Xto lOClire views showing fabricating steps of TFTs (Embodiment 7); 

Fig. li^is a view showing a structure of a semiconductor device (liquid crystal 
display device) (Embodiment 10); 

Figs. 12A to 12Fare views showing examples of semiconductor devices (electronic 
equipments) (Embodiment 12); 

Fig. 134s a view showing an example of a film forming apparatus (Embodiment 

i); 

Fig. \/\s a view showing a boron concentration profile by SIMS analysis (an 
example of comparison between prior art and the present invention); 

Figs. 15A to 15D ^re views showing semiconductor devices (electronic equipments) 
(Embodiment 14);' and f 

Fig. 16j/di view showing electro-optical response characteristics of thresholdless 
antiferroelectric liquid crystal (Embodiment 13). 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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Pre^Pd embodiments of the present inventioflR be described below in detail. 

Although the preferred embodiments of the present invention will be described 
below, it is needless to say that the present invention is not limited to these 
embodiments. 

5 [Embodiment 1] 

In this embodiment, an example of a case where an inverted stagger type TFT is 
fabricated by using the present invention will be described. In this embodiment, a 
description will be made using a CMOS circuit constituted by an N-channel TFT and a P- 
channel TFT. 

10 The brief description will be made using Figs. 1 to 4 which are simplified sectional 

views showing a semiconductor device of the present invention and a method of 
fabricating the same. 

First, a substrate 100 is prepared. As the substrate 100, an insulating substrate such 
as a glass substrate, a quartz substrate, or a crystalline glass substrate, a ceramic substrate, 

15 a stainless substrate, a metal (tantalum, tungsten, molybdenum, etc.) substrate, a 
semiconductor substrate, a plastic substrate (polyethylene terephthalate substrate), or the 
like can be used. In this embodiment, a glass substrate (Corning 1737; distortion point 
667 °C) was used as the substrate 100. 

Next, an under film 101 is formed on the substrate 100. As the under film 101, a 

20 silicon oxide film, a silicon nitride film, a silicon nitride oxide film (SiO x N y ), or a laminate 
film of these can be used. The under film 101 can be used within the thickness range of 
200 to 500 nm. In this embodiment, as the under film 101, a silicon nitride film witlf a 
thickness of 300 nm was formed, and diffusion of contaminants from the glass substrate 
was prevented. Although the present invention can be carried out even if the under film 

25 is not provided, for the purpose of making the TFT characteristics excellent, it is 
preferable to provide the under film. 

Next, a gate wiring line 102 having a single layer structure or laminate structure is 

10 
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form ig. 1 A). The gate wiring line 102 is madSRtructure including at least one layer 
mainly containing a conductive material or semiconductor material, for example, 
aluminum (Al), tantalum (Ta), niobium (Nb), hafnium (Hf), zirconium (Zr), titanium (Ti), 
chromium (Cr), silicon (Si) added with a P-type or N-type impurity, or silicide. In this 
5 embodiment, although not shown for simplification, the gate wiring line 102 was made 
a laminate structure in which a tantalum film was sandwiched between tantalum nitride 
films. Since tantalum has a work function near silicon, a shift of a threshold value of a 
TFT is small, and it is one of the preferable materials. The gate wiring line 102 can be 
used within the thickness range of 10 to 1000 nm, preferably 30 to 300 nm. Incidentally, 

10 for the purpose of protecting the gate wiring line, a step of forming an anodic oxidation 
film or an oxidation film may be added. Besides, for the purpose of preventing impurities 
from diffusing from the substrate or the gate wiring line to the gate insulating film during 
the fabricating steps, a step of forming an insulating film covering the gate wiring line and 
the substrate may be added. 

15 Next, a gate insulating film 103, an initial semiconductor film 104, and an insulating 

film 105 are sequentially formed into a laminate without exposing to the atmosphere. At 
this time, although either means of a plasma CVD method, a sputtering method and the 
like may be used as forming means, it is important to prevent the films from being 
exposed to the atmosphere so that contaminants from the atmosphere are not attached to 

20 an interface of any layer. In this embodiment, a multichamber (apparatus shown in Fig. 
13) including a chamber exclusively used for formation of the gate insulating film, a 
chamber exclusively used for formation of the initial semiconductor film, and a chamber 
exclusively used for formation of the insulating film is used, and the films are formed iifto 
a laminate by transferring the respective chambers while high vacuum is kept. 

25 Fig. 13 schematically shows the apparatus (continuous film formation system) in this 

embodiment seen from the above. In Fig. 13, reference numerals 12 to 16 designate 
chambers with airtightness. A vacuum evacuating pump and an inert gas introducing 
system are disposed in each of the chambers. 
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^Rhambers 12 and 13 are load lock chamb^nbr transferring a sample (substrate 
to be„processed) 10 into the system. Reference numeral 14 designates a first chamber for 
forming a gate insulating film (silicon nitride oxide film) 103. Reference numeral 15 
designates a second chamber for forming a semiconductor film (amorphous silicon film) 
104. Reference numeral 16 designates a third chamber for forming an insulating film 
(silicon nitride oxide film) 105. Reference numeral 11 designates a common chamber of 
a sample commonly disposed for the respective chambers. 

An example of operation will be described below. 

First, all the chambers are once evacuated into a high vacuum state, and then, are 
made in a state (normal pressure) purged by an inert gas, here, by nitrogen. Further, they 
are made in a state where all gate valves are closed. 

First, a substrate to be processed, together with a cassette 34 containing a number 
of substrates to be processed, is transferred into the load lock chamber 13. After the 
cassette is transferred, a not-shown door of the load lock chamber is closed. In this state, 
a gate valve 23 is opened, one substrate to be processed 10 is taken out from the cassette, 
and is transferred into the common chamber 11 by a robot arm 31. At this time, alignment 
of the substrate is carried out in the common chamber. 

Here, the gate valve 23 is closed, and a gate valve 24 is opened. Then the substrate 
to be processed 10 is transferred into the first chamber 14. A film forming process is 
carried out at a temperature of 150 °C to 300 °C in the first chamber, so that the gate 
insulating film 103 is obtained. As the gate insulating film 103, a silicon oxide film, a 
silicon nitride film, a silicon nitride oxide film (SixNy), a laminate film of these, or the 
like may be used within the thickness range of 100 to 400 nm (typically 150 to 250 nift). 
In this embodiment, although an insulating film of a single layer is used as the gate 
insulating film, a laminate structure of two layers or three or more layers may be 
adopted. 

After the gate insulating film is formed, the substrate to be processed 10 is drawn by 
the robot arm 31 into the common chamber, and is transferred into the second chamber 
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15. In t^econd chamber, similarly to the first ciMber, a film formation process is 
carried out at a temperature of 150°C to 300°C, so that the initial semiconductor film 104 
is obtained. As the initial semiconductor film 104, an amorphous silicon film, an 
amorphous semiconductor film including microcrystal, a microcrystal semiconductor film, 
an amorphous germanium film, an amorphous silicon germanium film expressed as 
Si xGe 10( (0 < X < 1), or a laminate film of these may be used within the thickness range 
of 20 to 70 nm (typically 40 to 50 nm). 

Incidentally, such a structure may be adopted that the formation temperature of the 
initial semiconductor film 104 is made 350°C to 500°C (typically 450°C) to omit a heat 
treatment of lowering the hydrogen concentration in the initial semiconductor film. 

Besides, a microcrystal semiconductor film formed under the condition that a 
formation temperature is made 80°C to 300°C, preferably 140°C to 200°C, a silane gas 
(SiH 4 : H 2 = 1 : 10 to 100) diluted with hydrogen is made a reaction gas, a gas pressure is 
made 0.1 to 10 Torr, and a discharge power is made 10 to 300 mW/cm 2 , has a hydrogen 
concentration low in the film. Thus, if this film is used as the initial semiconductor film, 
a heat treatment to reduce a hydrogen concentration can be omitted. 

After the initial semiconductor film is formed, the substrate to be processed 10 is 
drawn out into the common chamber by the robot arm 31, and is transferred into the third 
chamber 16. In the third chamber, similarly to the first chamber, a film formation process 
is carried out at a temperature of 150°C to 300°C, so that an insulating film is obtained. 
As the insulating film 105, a silicon oxide film, a silicon nitride film, a silicon nitride 
oxide film (expressed as SiO x N y ), or a laminate film of these can be used within the 
thickness range of 5 to 50 nm (typically 10 to 20 nm). This insulating film 105 is providfed 
to protect the surface of the initial semiconductor film 104 against pollution by impurities 
contained in the atmosphere. Since the insulating film 105 is superior in adhesion to a 
resist, it is preferable in subsequent formation of the resist. 

The substrate to be processed on which the three layers have been continuously 
formed in this way is transferred into the load lock chamber 12 by the robot arm, and is 
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stored W cassette 33. 

Like this, in this embodiment, for the purpose of preventing pollution (mainly 
inhibition of crystallization by oxygen) occurring at the formation of the insulating film 
by using the apparatus shown in Fig. 13, laminate formation was made in the chambers 
5 "different from one another. Incidentally, it is needless to say that the apparatus shown in 
Fig. 13 is merely an example. 

In this embodiment, a silicon nitride oxide film with a thickness of 125 nm as the 
gate insulating film 103, an amorphous silicon film with a thickness of 50 nm as the initial 
semiconductor film 104, and a silicon nitride oxide film with a thickness of 15 nm as the 

10 insulating film 105 were formed into a laminate (Fig. IB). Of course, the thickness of each 
film is not limited to this embodiment, but a person who carries out the invention may 
suitably determine the thickness. Besides, such a structure may be adopted that laminate 
formation is performed by exchanging a reaction gas in the same chamber. Besides, it is 
preferable to adopt such a structure that contaminants on a film forming surface of the 

15 gate insulating film are reduced by active hydrogen or a hydrogen compound before the 
initial semiconductor film is formed. 

After the state of Fig. IB is obtained in this way, crystallization by irradiation of 
infrared light or ultraviolet light (hereinafter referred to as laser crystallization) to the 
initial semiconductor film 104 is carried out. In the case where ultraviolet light is used for 

20 the crystallization technique, excimer laser light or intense light emitted from an 
ultraviolet lamp may be used. In the case where infrared light is used, infrared laser light 
or intense light emitted from an infrared lamp may be used. In this embodiment, excimer 
laser light was shaped into a linear beam and irradiation was made. As the irradiation 
condition, a pulse frequency is 150 Hz, an overlap ratio is 80 to 98 %, 96% in this 

25 embodiment, and a laser energy density is 100 to 500 mJ/cm 2 , preferably 150 to 200 
mJ/cm 2 , 175 mJ/cm 2 in this embodiment. The condition of laser crystallization 
(wavelength of laser light, overlap ratio, irradiation intensity, pulse width, repetition 
frequency, irradiation time, etc.) may be suitably determined by a person who carries out 

\6 



the inve in view of the thickness of the insulatin jBRi 105, the thickness of the initial 
semiconductor film 104, substrate temperature, and the like. According to the condition 
of laser crystallization, there is a case where the initial semiconductor film is crystallized 
through a melted state or a case where the initial semiconductor film is not melted but is 
5 crystallized in a solid phase "state or an intermediate state of a solid phase and a liquid 
phase. Laser light was made to continuously move at a constant speed and was made 
wnoiaiit in any icgiun wiunii a range ui xiu70 or me overlap ratio. 

By this step, the initial semiconductor film 104 is crystallized, and is transformed 
into a crystalline semiconductor film (semiconductor film containing crystals) 106 (Fig. 

10 1C). In this embodiment, the crystalline semiconductor film is a polycrystal silicon film. 
In this step, since irradiation of laser light is carried out from the upper part of the 
insulating film 105, there is no fear that contaminants from the atmosphere are mixed into 
the initial semiconductor film. That is, crystallization of the initial semiconductor film can 
be made while cleanness of the interface of the initial semiconductor film is 

15 maintained. 

Incidentally, after the step of Fig. 1C, an impurity may be added to perform threshold 
control, and a step of adding an impurity through a protection film into a region which 
becomes a channel formation region may be added. 

Next, by exposure from the rear surface, a first mask (in this embodiment, a resist 
20 mask) 109a having a thickness of 1 to 3 /urn and being in contact with the insulating film 
105 over the gate wiring line was formed (Fig. ID). As a material of the mask, positive 
or negative photosensitive organic material (for example, resist), silicon oxide, silicon 
nitride, or silicon nitride oxide (expressed as SiO x N y ) may be used. Since formation of a 
resist by exposure from the rear surface does not require a mask, the number of fabricating 
25 masks can be reduced. Actually, although the width of the first mask may become slightly 
smaller than the width of the gate wiring line by spreading and bending of light, this is not 
shown for simplification. 

Incidentally, in the present specification, in the case where the substrate 100 is cut 
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along^Pane vertical to a substrate plane, a dir^ffin in which the distance from the 
substrate becomes large is made upper, and a direction in which the distance from the 
substrate becomes small is made lower. 

Then this first mask 109a was used and addition of a first impurity was carried out 
5 through" the insulating" film 105" so "that a low" concentration impurity region (n-type 
region) 110 was formed (Fig. IE). In this embodiment, a phosphorus element was used 
as an impurity to give N-iype conductivity, and adjustment was made so that the 
phosphorus concentration of the n-type region 110 became 1 x 10 15 to 1 x 10 17 atoms/cm 3 
according to the SIMS analysis. At this time, the phosphorus element is added into the 
10 first mask, so that a first mask 109b containing a phosphorus element with a low 
concentration is made. 

Next, a second mask 112 formed to cover the first mask 109b of the N-channel TFT 
and having a thickness of 1 to 3 was used, and a second impurity was added through 
the protection film 108, so that a high concentration impurity region (n + -type region) 201 
15 was formed (Fig. 2A). In this embodiment, adjustment was made so that the phosphorus 
concentration of the nMype region 201 became 1 x 10 20 to 8 x 10 21 atoms/cm 3 according 
to the SIMS analysis. The first mask 109c in the P-channel TFT was added with the 
phosphorus element having a high concentration. Similarly, as compared with the first 
mask, a phosphorus element having a high concentration is added in the second mask 112. 
20 The concentration of the first mask 109b at the side of the channel formation region of the 
N-channel TFT is made low to prevent phosphorus from being erroneously added in the 
channel formation region. Besides, in this embodiment, as a material of the second mask 
112, polyimide resin having photosensitivity was used. f 
An LDD structure is formed by the above first and second impurity adding steps. 
25 The boundary between the n'-type region and the n + -type region is determined by the shape 
of the second mask 112. Incidentally, in the N-channel TFT, the n + -type region 201 
becomes a source region or drain region, and the n'-type region becomes a low 
concentration impurity region 114. 
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Bmes, in the above first and second impun^idding steps, the first masks 109b 
and 109c and the second mask 112 added with phosphorus were blackened. Besides, a 
step of further blackening the first mask and the second mask may be added. 

Next, the N-channel TFT was covered with a third mask 1 15, and addition of a third 
impurity was carried out through the protection film 108, so that a high concentration 
impurity region (P-type region) 202 was formed (Fig. 2B). In this embodiment, a boron 
element is used as an impurity to give P-type conductivity, and a dosage of boron ion is 
made such that the concentration of boron in the P-type region becomes 1.3 to 2 times the 
concentration of phosphorus ion added into the nMype region. The boron element having 
a high concentration was added in the first mask 109d in the P-channel TFT. Similarly, 
the boron element is also added in the third mask 115. Incidentally, a trivalent impurity 
(in this embodiment, boron) or a pentavalent impurity (in this embodiment, phosphorus) 
with a concentration of 1 x 10 19 atoms/cm 3 or more is contained in the first to third masks, 
that is, in the organic resin. 

In the P-channel TFT, the P-type region 202 becomes a source region or drain 
region. A region where a phosphorus ion or boron ion was not injected becomes an 
intrinsic or substantially intrinsic channel formation region 111 which becomes a carrier 
transfer passway later. 

Incidentally, in the present specification, the term "intrinsic" indicates a region which 
does not contain any impurity capable of changing Fermi level of silicon, and the term 
"substantially intrinsic" indicates a region where electrons and holes are completely 
balanced with each other to cancel out conductivity types, that is, a region containing an 
impurity to give an N type or P type within the concentration range (1 x 10 15 to 1 x If 17 
atoms/cm 3 according to the SIMS analysis) in which threshold value control can be made, 
or a region where conductivity types are cancelled out by intentionally adding an opposite 
conductivity impurity. 

The above first to third impurity adding steps may be made by using well-known 
means such as an ion implantation method, a plasma doping method, or a laser doping 

17 




method. ^Pever, a doping condition, a dosage, an alteration voltage, and the like are 
adjusted so that an impurity ion with a desired amount is added through the protection film 
108 into a predetermined region of an active layer. 

Besides, in the first to third impurity adding steps, since injection of an impurity is 
carried out from the upper portion of the insulating film 105, there is no fear that 
contaminants from the atmosphere, especially boron is mixed into the active layer. Thus, 
since the concentration of impurities in the active layer can be controlled, fluctuation of 
threshold values can be suppressed. 

Besides, when a person who carries out the invention suitably sets the patterns of the 
first to third masks, it is possible to relatively easily obtain the n'-type region, nMype 
region, P-type region and channel formation region each having a desired width. 

After the high concentration impurity regions 201 and 202 which become a source 
region or drain region, and the low concentration impurity region 114 are formed in this 
way, only the third mask 1 15 is selectively removed (Fig. 2C). A selectively removing step 
may be made by making a material used for the third mask different from a material of the 
first and second masks. In this mask removing step, the insulating film 105 becomes an 
etching stopper. Since the insulating film has been also formed in this mask removing 
step, contaminants do not mix into the crystalline semiconductor film, especially the 
channel formation region 111. 

Next, a well-known technique for obtaining an activating effect of impurities in the 
source region and the drain region or a restoring effect of the crystal structure of the active 
layer damaged in the doping step, for example, thermal annealing or laser annealing is 
carried out. t 

Next, by using the same mask (not-shown fourth mask), the crystalline silicon film 
and the insulating film 105 were patterned to form an active layer (made of the n'-type 
region 1 14, nMype region 113, P-type region 1 16, and channel formation region 111) and 
the protection film 108 (Fig. 2D). In this step as well, only the mask (fourth mask) used 
for patterning of the active layer was selectively removed. Like this, by keeping the state 
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where l ?ftystalline silicon film was covered with^^insulating film 105 to the utmost 
degree, the film was protected against pollution by the atmosphere. In addition, formation 
of an insulating film for protecting the side of the active layer 107 may be carried out. 
Besides, the gate insulating film may be selectively removed by using the same mask 
5 (fourth mask). Besides, such a structure may be adopted that patterning is carried out 
before the adding steps of the impurity regions. 

Finally, an interlayer insulating film 117 made of organic resin such as polyimide, 
polyimideamide, polyamide or acryl, a silicon oxide film, a silicon nitride film, a silicon 
nitride oxide film (expressed as SiO x N y ), or a laminate film of these is formed, and after 

10 contact holes to expose the portions above the source region and the drain region are 
formed, a metal film, for example, a laminate of Ti/Al/Ti, is formed, and this is patterned 
to form metal wiring lines 118 to 120 being in contact with the source region and the drain 
region (Fig. 2E). In this way, fabrication of the CMOS circuit constituted by the N- 
channel TFT and the P-channel TFT in this embodiment of the present invention is 

15 completed. 

By using the apparatus shown in Fig. 13, at the interface between the gate insulating 
film and the channel formation region, or the interface between the protection film and the 
channel formation region, it was possible to make the concentration of oxygen 2 x 10 19 
atoms/cm 3 or less, and to make the concentration of carbon or nitrogen 5 x 10 18 atoms/cm 3 
20 or less. 

With respect to a semiconductor device provided with a semiconductor circuit made 
of a semiconductor element using the above fabricating steps, an example of its structure 
will be described with reference to Fig. 3. The semiconductor device of the presftit 
invention includes a peripheral driver circuit portion and a pixel matrix circuit portion on 
25 the same substrate. In this embodiment, for making illustration easy, a CMOS circuit 
constituting a part of the peripheral driver circuit portion and a pixel TFT (N-channel 
TFT) constituting a part of the pixel matrix circuit portion are shown on the same 
substrate. 
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Fig^4A and 4B are views corresponding to top views of Fig. 3, and in Figs. 4A and 
4B, apportion cut along thick line A-A* corresponds to the sectional structure of the pixel 
matrix circuit of Fig. 3, and a portion cut along thick line B-B' corresponds to the sectional 
structure of the CMOS circuit of Fig. 3. Reference numerals used in Fig. 3 and Figs. 4A 
" and "4B are the same aslhose of Fig. i or Fig. 2. 

In Fig. 3, any TFT (thin film transistor) is formed on an under film 101 provided on 
a substrate 100. In the case of the F-channei TFT of the CMOS circuit, a gate wiring line 
102 is formed on the under film, and a gate insulating film 103 is provided thereon. A P- 
type region 116 (source region or drain region) and a channel formation 111 are formed 
as an active layer on the gate insulating film. The active layer is protected by a protection 
film 108 having the same shape. Contact holes are formed in a first interlayer insulating 
film 117 covering the protection film 108, and wiring lines 118 and 119 are connected 
to the P-type region 1 16. A second interlayer insulating film 123 is further formed thereon, 
a lead wiring line 124 is connected to the wiring line 118, and a third interlayer insulating 
film, for example, an acryl film, 127 is formed covering them. A first mask 109d having 
a light shielding property is formed on at least the protection film over the channel 
formation region, and protects the channel formation region against deterioration by 
light. 

On the other hand, in the N-channel TFT, an n + -type region 113 (source region or 
drain region), a channel formation region 111, and an n"-type region 114 between the n + - 
region and the channel formation region are formed as an active layer. Wiring lines 119 
and 120 are formed in the nMype region 113, and a lead wiring line 125 is connected to 
the wiring line 120. Portions other than the active layer have substantially the safte 
structure as the P-channel TFT. A first mask 109b having a light shielding property is 
formed on at least the protection film over the channel formation region 111, and a second 
mask 112 is formed on the protection film over the n'-type region 1 14, so that they protect 
the channel formation region and the n"-type region against deterioration by light. 

With respect to the N-channel TFT formed in the pixel matrix circuit, portions up 
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to the ation of the first interlayer insulating fnfftn have the same structure as the 
N-channel TFT of the CMOS circuit. Wiring lines 121 and 122 are connected to an n + - 
type region 129, and the second interlayer insulating film 123 and a black mask, for 
example, a titanium film, 126 are formed thereon. This black mask covers the pixel TFT 
5 and forms auxiliary capacitance, together with the wiring line 122. Further, the third 
interlayer insulating film 127 is formed thereon, and a pixel electrode 128 made of a 
iiaua^aioin twuuutuvc iimi aucii as nwur oiiu 2 *s connected. 

In the pixel matrix circuit of this embodiment, such a TFT structure is made that 
interwiring capacitance generated between the gate wiring line 102 and the wiring lines 
10 121 and 122 is reduced by the first or second mask. Incidentally, in this embodiment, in 
addition to the pixel matrix circuit, since a resist mask is formed by rear surface exposure, 
the mask is provided above the gate wiring line, and interwiring capacitance to other 
wiring lines is reduced. 

In this embodiment, although a transmission type LCD is fabricated as an example, 
15 the invention is not particularly limited to this. For example, when a metal material having 
reflectivity is used as a material of a pixel electrode, and change of patterning of a pixel 
electrode or addition/deletion of some steps is suitably carried out, a reflection type LCD 
can be fabricated. 

Incidentally, in this embodiment, although the gate wiring line of the pixel TFT of 
20 the pixel matrix circuit is made a double gate structure, for- the purpose of lowering 
fluctuation in OFF current, a multigate structure such as a triple gate structure may be 
adopted. Besides, for the purpose of increasing an opening ratio, a single gate structure 
may be adopted. f 



[Embodiment 2] 

25 This embodiment is an example in which a crystalline silicon film is obtained by a 

method different from the embodiment 1. This embodiment relates to a method in which 
a catalytic element for promoting crystallization of silicon is used, a laser beam is shaped 
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r^feigle or square, and a crystalline silicon f^^; 



into a r^Rhgle or square, and a crystalline silicon fifSTs obtained through a uniform laser 
crystallization process over a region of several cm 2 to several hundred cm 2 by one shot of 
irradiation. Since the basic structure is almost the same as the embodiment 1, a description 
will be made while paying attention to only different points. 

5 In this embodiment, inthe step of FigrlC, excimer laser light "is"processed "into a 

plane shape and irradiation is made. In the case where laser light is processed into the 
plane shape, it is necessary to process the laser light so that an area of about several tens 
cm 2 (preferably 10 cm 2 or more) can be irradiated at the same time. For the purpose of 
annealing the whole irradiated surface with a desired laser energy density, a laser 
10 apparatus having a total energy of 5J or more, preferably 10 J or more is used. 

In that case, it is preferable that the energy density is made 100 to 800 mJ/cnr, and 
the output pulse width is made 100 nsec or more, preferably 200 nsec to 1 msec. For the 
purpose of realizing the pulse width of 200 nsec to 1 msec, it is appropriate that a plurality 
of laser apparatuses are coupled to each other, and synchronization of the respective laser 
15 apparatuses is shifted to make a state where plural pulses are mixed. 

By irradiation of laser light having a plane beam shape as in this embodiment, it is 
possible to make uniform laser irradiation over a large area. That is, the crystallinity 
(including crystal grain diameter, defect density, etc.) of the active layer becomes uniform, 
and fluctuation of electric characteristics among TFTs can be reduced. 
20 Incidentally, this embodiment is easily combined with the embodiment 1, and the 

way of combining them is free. 

[Embodiment 3] f 
In this embodiment, an example in which a TFT having a structure different from 

the embodiment 1 will be described with reference to Fig. 5. A top view of Fig. 5 is almost 
25 the same as Fig. 4A or 4B, although the reference numerals are different. 

In this embodiment, a plastic substrate is formed asa substrate 500, a silicon nitride 

oxide (expressed as SiO x N y ) is formed as an under film 501, and a tantalum film is formed 
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as a 




iring line 502. 



Next, as a first insulating film 503, a film of an organic material to flatten the 
roughness between a region including a gate electrode and a region including no gate 
electrode, for example, a BCB (benzocyclobutene) film with a thickness of 100 nm to 1 
- 5 -/^m (preferably 500 to 800 nm) is formed. In this"step,"it is "necessary "to make the film 
have a thickness to such a degree that a roughened portion due to the gate wiring line 502 



is completely flattened. Since the flattening effect of the BCB film is large, sufficient 
flattening can be made even if the film thickness is not made very thick. 

After the first insulating film 503 is formed, next, a second insulating film (silicon 

10 nitride oxide film) 504, an initial semiconductor film (microcrystal silicon film), and an 
insulating film (silicon nitride oxide film) to become a protection film 509 are sequentially 
formed into a laminate without opening to the atmosphere. The microcrystal silicon film 
can be formed under the condition that a formation temperature is made 80 °C to 300 °C, 
preferably 140 °C to 200 °C, a silane gas (SiH 4 : H 2 = 1 : 10 to 100) diluted with hydrogen 

15 is made a reaction gas, a gas pressure is made 0.1 to 10 Torr, and a discharge power is 
made 10 to 300 mW/cm 2 . Since a hydrogen concentration in the microcrystal silicon film 
is low, if this film is used as the initial semiconductor film, a heat treatment to reduce the 
hydrogen concentration can be omitted. In this embodiment, a chamber exclusively used 
for formation of the second insulating film, a chamber exclusively used for formation of / 

20 the initial semiconductor film, and a chamber exclusively used for formation of the 
protection film were prepared, and movement was made through the respective chambers 
while high vacuum was kept, so that films were continuously formed. Since the insulating 
films and the semiconductor film continuously formed in this way are formed on the ftat 
surface, all the films are flat. 

25 Next, irradiation of excimer laser light is made from the upper portion of the 

protection film, so that the semiconductor film is transformed into a semiconductor film 
(polycrystal silicon film) containing crystals. The condition of this laser crystallization 
step may be the same as the embodiment 1. At this time, since the semiconductor film is 
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flat, ^Bjlycrystal silicon film having a uniforn^^tal grain diameter can be obtained. 
Instead of the irradiation of laser light, irradiation of intense light, for example, RTA or 
RTP may be used. 

As described above, by using the BCB film advantageous for flattening as the first 
5 insulating film 503, the semiconductor film having a flat surface can "be obtained. Thus, 
uniform ciystallinity can be secured over the whole area of the semiconductor film. 

When subsequent steps are made in accordance with the embodiment 1, a 
semiconductor device obtained in Fig. 5 is completed. 

In Fig. 5, any TFT (thin film transistor) is formed on the under film 501 provided on 

10 the substrate 500. In the case of a P-channel TFT of a CMOS circuit, the gate wiring line 
502 is formed on the under film, and the first insulating film 503 and the second insulating 
film 504 made of BCB are provided thereon. On the second insulating film 504, a P-type 
region 508 (source region or drain region) and a channel formation region 505 are formed 
as an active layer. The active layer is protected by a protection film 509 having the same 

15 shape. Contact holes are formed in a first interlayer insulating film 510 covering the 
protection film 509, and wiring lines 511 and 512 are connected to the P-type region 508. 
Further, a second interlayer insulating film 516 is formed thereon, a lead wiring 517 is 
connected to the wiring line 511, and a third interlayer insulating film 520 covering them 
is formed. A first mask having a light shielding property is formed at least on the 

20 protection film over the channel formation region and protects the channel formation 
region against deterioration by light. 

On the other hand, in an N-channel TFT, an n + -type region 507 (source region or 
drain region), a channel formation region 505, and an n"-type region 506 between the i + - 
type region 506 and the channel formation region 505 are formed as an active layer. 

25 Wiring lines 512 and 513 are formed in the n + -type region 507, and a lead wiring line 5 18 
is connected to the wiring line 513. Portions other than the active layer have substantially 
the same structure as the P-channel TFT. A first mask having a light shielding property 
is formed at least on the protection film over the channel formation region 505, and a 
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second m 

is formed on the protection film ove^Bc n"-type region 506, so that the 
channel formation region and the n-type region are protected against deterioration by 
light. 

With respect to an N-channel TFT formed in a pixel matrix circuit, portions up to 
the formation of the first interlayer insulating film 510 have the same structure as the N- 
channel TFT of the CMOS circuit. Wiring lines 514 and 515 are connected to the n + -type 
region 507, and a second interlayer insulating film 516 and a black mask 519 are formed 
thereon. This black mask covers the pixel TFT, and forms auxiliary capacitance, together 
with the wiring line 515. Further, a third interlayer insulating film 520 is formed thereon, 
and a pixel electrode 521 made of a transparent conductive film such as ITO is 
connected. 

In the pixel matrix circuit of this embodiment, such a TFT structure is made that 
interwiring capacitance generated between the gate wiring line 502 and the wiring lines 
514, 515 is reduced by the first or second mask. Incidentally, such structure is not limited 
to the pixel matrix circuit, but in this embodiment, since the resist mask is formed by rear 
surface exposure, the mask is provided above the gate wiring line and interwiring 
capacitance to other wiring lines is reduced. 

The TFTs fabricated by carrying out this embodiment show electrical characteristics 
with less fluctuation. This embodiment can be easily combined with the embodiment 1 or 
embodiment 2. 

[Embodiment 4] 

In this embodiment, an example in which a TFT having a structure different frcfm 
the embodiment 1 will be described with reference to Fig. 6. Since the structure in the 
CMOS circuit is almost the same as the embodiment 1, a description will be made while 
paying attention to only different points. Reference numerals used in Fig. 6 are the same 
as those of Fig. 1 or Fig. 2. A top view of Fig. 6 corresponds to Fig. 4A or 4B. 

In this embodiment, steps up to formation of a gate wiring line 102 through 
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form^Pof a glass substrate as a substrate 100 Information of a silicon nitride oxide 
film (expressed as SiO x N y ) as an under film 101 are the same as the embodiment 1. 

Next, in this embodiment, in a pixel matrix circuit, a first insulating film 132 is 
selectively formed. 

Thereafter, similarly to the embodiment T, a secondTnsulatiifg"firm (corresponding" 
to the gate insulating film of the embodiment 1) 103, an initial semiconductor film 104, 



atmosphere. In this embodiment, while high vacuum was kept in the same chamber, a 
silicon nitride oxide film with a thickness of 10 to 100 nm as the second insulating film 

10 103, an amorphous silicon film with a thickness of 50 nm as the initial semiconductor film 
104, and a silicon nitride oxide film with a thickness of 15 nm as the insulating film 105 
were continuously formed into a laminate by using a plasma CVD method. Of course, the 
respective thicknesses are not limited to this embodiment, but a person who carries out the 
invention may suitably determine them. In this embodiment, in the pixel matrix circuit, 

15 the films were formed so that the total thickness of the gate insulating films (first 
insulating film 132 and second insulating film 103) became 100 to 300 nm. The first 
insulating film 132 can be formed on a same material and through a same method as the 
second insulating film 103. 



In the case where continuous film formation is made in the same chamber as in this 



20 embodiment, before the initial semiconductor film is formed, contaminants, especially 
oxygen on a film forming surface is reduced by active hydrogen or a hydrogen compound. 
Oxygen contained in the initial semiconductor film hinders crystallization. Here, oxygen 
attached to the inner wall of the chamber and an electrode was made an OH radically 
active hydrogen or a hydrogen compound generated by a plasma process using a reaction 

25 gas such as NH 3 , H 2 , Ar, or He and degassing was carried out, so that incorporation of 
oxygen during the film formation of the initial semiconductor film was prevented. Further, 
it is preferable that film formation temperatures for the respective films are made the same 
(±50° C), and pressures are made the same (±20%), while high vacuum is kept in the same 
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When the subsequent steps are carried out in accordance with the embodiment 1, a 
semiconductor device obtained in Fig. 6 is completed. 

In Fig. 6, since the structure in the CMOS circuit is almost the same as Fig. 3 of the 
embodiment 1, its explanation will be omitted. With respect to the N-channel TFT formed 
in the pixel matrix circuit, portions other than a portion where the gate insulating film is 
made of a two-layer structure (first insulating film 132 and second insulating film 103) are 
almost the same as Fig. 3 of the embodiment 1. Like this, by selectively making the 
thickness of the gate insulating film thick, the reliability of a circuit (pixel matrix circuit, 
buffer circuit, etc.) requiring high withstand voltage is improved. 

Similarly to the embodiment 1, in the pixel matrix circuit, this embodiment has such 
a TFT structure that interwiring capacitance generated between the gate wiring line 102 
and the wiring lines 121 and 122 is reduced by the first or second mask. Incidentally, such 
structure is not limited to the pixel matrix circuit, but in this embodiment, since the resist 
mask is formed by rear surface exposure, the mask is provided above the gate wiring line 
and interwiring capacitance to other wiring lines is reduced. 

The TFTs fabricated by carrying out this embodiment show electrical characteristics 
with less fluctuation. This embodiment can be combined with any one of the embodiments 
1 to 3. 

[Embodiment 5] 

In this embodiment, an example in which a TFT having a structure different from 
the embodiment 1 will be described with reference to Fig. 7. Incidentally, a structurefof 
a CMOS circuit in this embodiment is almost the same as the embodiment 1 except only 
the different point that a gate insulating film has a two-layer structure. Reference numerals 
used in Fig. 7 are the same as those of Fig. 1 or Fig. 2. A top view of Fig. 7 corresponds 
to Fig. 4A or 4B. 

In this embodiment, steps up to formation of a gate wiring line 102 through 
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formati^rof a glass substrate as a substrate 100 an^ormation of a silicon nitride oxide 
film (expressed as SiO x N y ) as an under film 101 are the same as the embodiment 1. 

Next, in this embodiment, after a first insulating film 133 made of a silicon nitride, 
film is formed on the whole surface, a second insulating film 134 is selectively formed in 
"5~~ a* pixel matrix circuit. ~ " 

Thereafter, similarly to the embodiment 1, a third insulating film (corresponding to 
the gate insulating film in the embodiment 1) 103, an initial semiconductor film, and an 
insulating film are sequentially formed into a laminate without exposing to the 
atmosphere. In this embodiment, by using the apparatus shown in Fig. 13, a silicon nitride 
10 oxide film with a thickness of 10 to 100 nm as the third insulating film 103, an amorphous 
silicon film with a thickness of 50 nm as the initial semiconductor film, and a silicon 
nitride oxide film with a thickness of 15 nm as the insulating film were formed into a 
laminate. Of course, the respective thicknesses are not limited to this embodiment, but a 
person who carries out the invention may suitably determine them. In this embodiment, 
15 in the pixel matrix circuit, the films were formed so that the total thickness of the gate 
insulating films (first insulating film 133, second insulating film 134, and third insulating 
film 103) became 100 to 300 nm. 

When subsequent steps are carried out in accordance with the embodiment 1, a 
semiconductor device obtained in Fig. 7 is completed. 
20 In Fig. 7, since the structure of the CMOS circuit is almost the same as Fig. 3 of the 

embodiment 1 except the portion where the gate insulating film has the two-layer structure 
(first insulating film 133 and third insulating film 103), its explanation will be omitted. 
With respect to the N-channel TFT formed in the pixel matrix circuit, portions other ttfcn 
the portion where the gate insulating film has the three-layer structure (first insulating film 
25 133, second insulating film 134, and third insulating film 103) are almost the same as Fig. 
3 of the embodiment 1. Like this, by selectively making the thickness of the gate 
insulating film thick, reliability of a circuit (pixel matrix circuit, buffer circuit, etc.) 
requiring high withstand voltage is improved. 
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Jfeles, similarly to the embodiment 1, in th^Hel matrix circuit, this embodiment 
has such a TFT structure that interwiring capacitance generated between the gate wiring 
line 102 and the wiring lines 121 and 122 is reduced by the first or second mask. 
Incidentally, such structure is not limited to the pixel matrix circuit, but in this 
embodiment, since the resist mask is formed by rear surface exposure, the mask is 
provided above the gate wiring line and interwiring capacitance to other wiring lines is 
reduced. 

The TFTs fabricated by carrying out this embodiment show electrical characteristics 
with less fluctuation. This embodiment can be combined with any one of the embodiments 
1 to 3. 

[Embodiment 6] 

In this embodiment, an example in which a TFT having an LDD structure different 
from the embodiment 1 will be described with reference to Figs. 8A to 8E and Fig. 9. This 
embodiment is the same as the embodiment 1 up to the step of Fig. 1C, and a drawing 
corresponding to Fig. 1C is shown in Fig. 8A. Reference numerals used in Figs. 8 A to 8E 
and Fig. 9 are the same as those of Figs. 1A to IE or Fig. 3. Besides, a top view of Fig. 
9 is almost the same as Fig. 4A or 4B although the reference numerals are different. 

One of the features of this embodiment is that a low concentration impurity region 
(n -region) 614 is formed above a gate wiring line. 

Since steps up to the state of Fig. 8A in this embodiment are the same as the 
embodiment 1, their explanation will be omitted. 

Next, similarly to the embodiment 1, after a first mask 609 having almost the satie 
shape as the gate wiring line is formed by exposure from the rear surface, an impurity is 
added to form a high concentration impurity region (n + -region) 610. A phosphorus 
element is also added in the first mask 609 (Fig. 8B). 

Next, after the first mask 609 is patterned or removed, a second mask with a width 
smaller than the gate wiring line is formed, and then, an impurity is added to form a low 
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eflltion impurity region (n'-region) 614. 



conception impurity region (n-region) 614. iMTs embodiment, by using a normal 
patterning method, the second mask 612a with a width smaller than the gate wiring line 
was formed. In this way, an LDD structure is formed. Similarly, a phosphorus element is 
also added in the second mask (Fig. 8C). 

As a method of forming the first mask 608 or "the "second mask 612a, a method of 
forming a resist mask by a normal patterning method, or a method of forming a resist 
mask by intentionally spreading and bending light from the rear surface toward the upper 
portion of the gate wiring line can be used. 

Next, an N-channel TFT was covered with a third mask 615, and addition of a third 
impurity was carried out through the insulating film 105, so that a high concentration 
impurity region (P-type region) 617 was formed (Fig. 8D). In this embodiment, a boron 
element is used as an impurity to give P-type conductivity, and the dosage of boron is 
made such that the concentration of a boron ion of the P-type region becomes 1.3 to 2 
times the concentration of a phosphorus ion added in the n + -type region. Ayhis time, a 
boron ion is added and the second mask 612b contains the phosphorus element and boron 
element. Similarly, a boron element is also added in the third mask. 

Besides, similarly to the embodiment 1, in the first to third impurity addition steps, 
since injection of an impurity is carried out from the upper portion of the insulating film 
105, there is no fear that contaminants from the atmosphere, especially boron is mixed into 
an active layer. Thus, since the concentration of an impurity in the active layer can be 
controlled, fluctuation in threshold value can be suppressed. 

When a person who carries out the invention suitably sets the patterns of the first to 
third masks, it is possible to relatively easily obtain the n~-type region, the n + -type region, 
the P-type region, and the channel formation region each having a desired width. 

Incidentally, in the case where the first mask 609 and the second mask 612a are 
formed using a resist mask forming method by exposure from a rear surface, the LDD 
structure can be formed by a self-alignment manner, and the number of forming masks can 
be reduced, so that such a method is preferable. 
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^fer the LDD structure in which the lo^^oncentration impurity region 614 
overlapped the upper portion of the gate wiring line 102 was obtained in this way, only 
the third mask was removed, and patterning into a desired shape was carried out. A region 
613 is an n + -type region, and a region 616 is a P-type region (Fig. 8E). 
5 When subsequent steps are carried out in accordance with the embodiment 1, a 

semiconductor device obtained in Fig. 9 is completed. 

In Fig. 9, since portions other than the portion of the active iayer formed by making 
the low concentration impurity region overlap the upper portion of the gate wiring line are 
almost the same as Fig. 3, their explanation will be omitted. 
10 The TFTs fabricated by carrying out this embodiment show electrical characteristics 

with less fluctuation. This embodiment can be combined with any one of the embodiments 
lto 5. 



[Embodiment 7] 

As shown in Figs. 10A to 10C, this embodiment shows an example in which a 
15 protection film is formed by a method different from one in the embodiment 1. 

The step shown in Fig. 10A corresponds to Fig. 1A of the embodiment 1. A different 
point between this embodiment and the embodiment 1 is that as shown in Fig. 10B, after 
a gate insulating film 103 and an initial semiconductor film 104 are continuously formed, 
in a laser crystallization step under the air, oxygen or oxidizing atmosphere, an oxide film 
20 is formed on a surface at the same time as formation of a crystalline semiconductor film. 
Also, in the step of Fig. 10B, such a structure may be adopted that before the initial 
semiconductor film is formed, contaminants on the film forming surface are reducedtby 
active hydrogen or a hydrogen compound. 

As shown in Fig. 10C, an oxide film 105 formed in the air, oxygen, or oxidizing 
25 atmosphere and under the laser condition above is used as a protection film. The laser 
irradiation condition is such that a pulse frequency is 150 Hz, an overlap ratio is 80 to 98 
%, in this embodiment, 96 %, and a laser energy density is 100 to 500 mJ/cm 2 , preferably 
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280 t^^O mJ/cm 2 , in this embodiment, 350 mJ/^f Incidentally, a person who carries 
out the invention may suitably determine the laser crystallization condition (wavelength 
of laser light, overlap ratio, irradiation intensity, pulse width, repetition frequency, 
irradiation time, etc.) in view of the film thickness of the initial semiconductor film 104, 
substrate temperatureVand the like. This insulating filmls suitable for an under film at the 
time of mask formation. 

When subsequent steps are carried out in accordance with the embodiment 1, a 
semiconductor device is completed. This embodiment can be combined with any one of 
the embodiments 1 to 6. 



10 [Embodiment 8] 

This embodiment is an example in which a semiconductor device is fabricated by 
using an apparatus different from the embodiment 1. 

In this embodiment, an apparatus including a first chamber exclusively used for 
formation of a gate insulating film and an insulating film and a second chamber 
15 exclusively used for formation of an initial semiconductor film is used, and movement is 
made through the respective chambers while high vacuum is kept, so that films are formed 
into a laminate. 

In this embodiment, steps up to formation of a gate wiring line through preparation 
of a glass substrate as a substrate and formation of a silicon nitride oxide film (expressed 

20 as SiO x N y ) as an under film are the same as the steps in the embodiment 1. Next, three 
layers (gate insulating film/initial semiconductor film/insulating film) are formed into a 
laminate. f 

First, after a gate insulating film made of a silicon nitride oxide film is formed in the 
first chamber, an initial semiconductor film is formed in the second chamber. An 

25 insulating film (protection film) made of a silicon nitride oxide film and being thinner than 
the gate insulating film is formed again in the first chamber. In this embodiment, 
contaminants on the film forming surface is reduced by active hydrogen or hydrogen 
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compo Jfcefore the initial semiconductor film i JBfeed. When subsequent steps are 
carried out in accordance with the embodiment 1, a semiconductor device is completed. 
By using such an apparatus, as compared with the apparatus shown in Fig. 13, the number 
of chambers is reduced, and the apparatus equipment cost can be made low, so that 
5 productivity can be improvedr 

This embodiment can be combined with any one of the embodiments 1 to 7. 

[Embodiment 9] 

This embodiment is an example in which a semiconductor device is fabricated by 
using a mask different from the one in the embodiment 1. Since the basic structure is 
10 almost the same as the embodiment 1, a description will be made while paying attention 
to only different points. 

In the embodiment 1, the same mask is used when a phosphorus element is added, 
so that such structure is made that addition is performed also in the source region and 
drain region of the P-channel TFT. However, in this embodiment, an adding step of a 
15 phosphorus element and an adding step of a boron element are carried out by using 
different masks. That is, at the adding step of the phosphorus element, the P-channel TFT 
is covered with a mask. Thus, unlike the embodiment 1, it is not necessary to add boron 
with a dosage which became 1.3 to 2 times the concentration of the phosphorus ion added 
in the nMype region, and it is possible to fabricate the P-channel TFT with excellent 
20 controllability. 

This embodiment can be combined with any one of the embodiments 1 to 8. 

t 

[Embodiment 10] 

In this embodiment, an example of a liquid crystal display device fabricated in 
accordance with the present invention will be shown in Fig. 11. Since well-known means 
25 may be used for a fabricating method of a pixel TFT (pixel switching element) and a cell 
assembling step, their detailed descriptions will be omitted. 
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11, reference numeral 800 designates 




Jtastrate (plastic substrate provided 



with a silicon oxide film) having an insulating surface, 801 designates a pixel matrix 
circuit, 802 designates a scanning line driver circuit, 803 designates a signal line driver 
circuit, 830 designates an opposite substrate, 810 designates an FPC (Flexible Printed 
5 Circuit), and 820 designates a logic circuit. As the logic circuit 820, a circuit for 
performing such processing that an IC has been conventionally substituted, such as a D/A 
converter, a y -correction circuit, or a signal dividing circuit, can be formed. Of course, it 
is also possible to perform signal processing in an IC chip by providing the IC chip on the 
substrate. 

10 Moreover, although the description has been made in this embodiment on the liquid 

crystal display device as an example, it is needless to say that the present invention can be 
applied to an EL (electroluminescence) display device or an EC (electrochromic) display 
device as long as the display device is an active matrix type. 



Moreover, it does not matter if the liquid crystal display device fabricated by using 



15 the present invention is a transmission type or a reflection type. A person who carries out 
the invention can freely select any type. Like this, the present invention can be applied to 
any active matrix type electro-optical device (semiconductor device). 

When the semiconductor device shown in this embodiment is fabricated, any 
structure of the embodiment 1 to embodiment 9 may be adopted, and the respective 

20 embodiments can be freely combined and used. 

[Embodiment 11] 

.The present invention can be applied to all conventional IC techniques. That is, the 
present invention can be applied to all semiconductor circuits presently put on the market. 
For example, the present invention may be applied to a microprocessor such as a RISC 
25 processor integrated on one chip or an ASIC processor, and may be applied to a signal 
processing circuit typified by a driver circuit for a liquid crystal (D/A converter, y- 
correction circuit, signal dividing circuit, etc.) or to a high frequency circuit for a portable 



34 



3^ 



equip^fc: (portable telephone, PHS, mobile cor^fcr). 

A semiconductor circuit such as a microprocessor is mounted on various electronic 
equipments, and functions as a central circuit. As typical electronic equipments, a personal 
computer, a portable information terminal equipment, and other all household electric 
appliances can be enumerated. Besides, a computer for controlling a vehicle (automobile, 
electric train, etc.) can also be enumerated. The present invention can also be applied to 
such a semiconductor device. 

Incidentally, when the semiconductor device shown in this embodiment is fabricated, 
any structure of the embodiment 1 to embodiment 9 may be adopted, and the respective 
embodiments can be freely combined and used. 



[Embodiment 12] 

A CMOS circuit and a pixel matrix circuit formed through carrying out the present 
invention may be applied to various electro-optical devices (active matrix type liquid 
crystal displays, active matrix type EL displays, active matrix type EC displays). Namely, 
the present invention may be embodied in all the electronic equipments that incorporate 
those electro-optical devices as display media. 

As such an electronic equipment, a video camera, a digital camera, a head-mount 
display (goggle-type display), a navigation system for vehicle, a personal computer, and 
a portable information terminal (a mobile computer, a portable telephone, or an electronic 
book) may be enumerated. Examples of those are shown in Figs. 12A to 12F. 

Fig. 12A shows a personal computer comprising a main body 2001, an image 
inputting unit 2002, a display device 2003, and a key board 2004. The present invention 
is applicable to the image inputting unit 2002, the display device 2003, and other signal 
control circuits. 

Fig. 12B shows a video camera comprising a main body 2101, a display device 2102, 
a voice input unit 2103, operation switches 2104, a battery 2105, and an image receiving 
unit 2106. The present invention is applicable to the display device 2102, the voice input 
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unit 2^J^and other signal control circuits. 

Fig. 12C shows a mobile computer comprising a main body 2201, a camera unit 
2202, an image receiving unit 2203, an operation switch 2204, and a display device 2205. 
The present invention is applicable to the display device 2205 and other signal control 

~5~ "l:ifcuits7 

Fig. 12D shows a goggle-type display comprising a main body 2301, a display device 
anu ami puiuuiia ^u^. me jjicacm iiivciiLiuu i&» appncame lu ine uispiay device 
2302 and other signal control circuits. 

Fig. 12E shows a player that employs a recoding medium in which programs are 
10 recorded (hereinafter referred to as recording medium), and comprises a main body 2401, 
a display device 2402, a speaker unit 2403, a recording medium 2404, and an operation 
switch 2405. Incidentally, this player uses as the recoding medium a DVD (digital 
versatile disc), a CD and the like to serve as a tool for enjoying music or movies, for 
playing video games and for connecting to the Internet. The present invention is applicable 
15 to the display device 2402 and other signal control circuits. 

Fig. 12F shows a digital camera comprising a main body 2501, a display device 
2502, an eye piece section 2503, operation switches 2504, and an image receiving unit 
(not shown). The present invention is applicable to the display device 2502 and other 
signal control circuits. 

As described above, the present invention has so wide application range that it is 
applicable to electronic equipments in any fields. In addition, the electronic equipment 
of this embodiment may be realized with any construction obtained by combining The 
embodiments 1 to 10. i 



[Embodiment 13] 

In the liquid crystal display device fabricated in the embodiment 10, other than a TN 
liquid crystal, various liquid crystals can be used. For example, it is possible to use a liquid 
crystal disclosed in "Characteristics and Driving Scheme of Polymer-Stabilized 
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Monocle FLCD Exhibiting Fast Response Tin^fccl High Contrast Ratio with Gray- 
Scale Capability" by H. Fume et al., 1998, SID; "A Full-Color Thresholdless 
Antiferroelectric LCD Exhibiting Wide Viewing Angle with Fast Response Time" by T. 
Yoshida et al., 1997, SID DIGEST, 841; "Thresholdless antiferroelectricity in liquid 
5 crystals and its application to displays" by S. Inui et al., 1996, J. Mater. Chem. 6(4), 671- 
673; or US Patent No. 5,594,569. 

A liquid crystal exhibiting antiferroelectricity in some temperature range is called 
an antiferroelectric liquid crystal. Of mixed liquid crystals including antiferroelectric 
liquid crystals, there is a thresholdless antiferroelectric mixed liquid crystal exhibiting 
10 electro-optical response characteristics in which transmittance is continuously changed 
with respect to an electric field. Some thresholdless antiferroelectric mixed liquid crystal 
exhibits V-shaped electro-optical response characteristics, and a liquid crystal in which 
:V| its driving voltage is about ±2.5 V (cell thickness is about 1 /urn to 2 jum) has also been 



ill 



found. 

15 Here, Fig. 16 shows an example of characteristics of light transmittance to applied 

voltage of the thresholdless antiferroelectric mixed liquid crystal showing the V-shaped 
electro-optical response. The vertical axis of the graph shown in Fig. 16 indicates the 
transmittance (in arbitrary unit) and the horizontal axis indicates the applied voltage. 
Incidentally, the transmission axis of a polarizing plate of a liquid crystal display device 

20 on the incident side is set almost parallel to a normal direction of a smectic layer of the 
thresholdless antiferroelectric mixed liquid crystal which is almost coincident with a 
rubbing direction of the liquid crystal display device. The transmission axis of the 
polarizing plate on the outgoing side is set almost normal (crossed Nicols) to the 
transmission axis of the polarizing plate on the incident side. 

25 As shown in Fig. 16, it is understood that when such a thresholdless antiferroelectric 

mixed liquid crystal is used, low voltage driving and gradation display become 
possible. 

In the case where such a low voltage driving thresholdless antiferroelectric mixed 
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device. Vwa< 




liquid t^^al is used for a liquid crystal display devM^ving an analog driver, it becomes 
possible to suppress the source voltage of a sampling circuit of an image signal to, for 
example, about 5 V to 8 V. Thus, the operation source voltage of the driver can be 
lowered, and low power consumption and high reliability of the liquid crystal display 
- device can be realized. 

Also in the case where such a low voltage driving thresholdless antiferroelectric 
mixed liquid crystal is used for a liquid crystal display device having a digital driver, an 
output voltage of a D/A conversion circuit can be lowered, so that the operation source 
voltage of the D/A conversion circuit can be lowered and the operation source voltage of 
the driver can be made low. Thus, low power consumption and high reliability of the 
liquid crystal display device can be realized. 

Thus, to use such a low voltage driving thresholdless antiferroelectric mixed liquid 
crystal is effective also in the case where a TFT having an LDD region (low concentration 
impurity region) with a relatively small width (for example, 0 nm to 500 nm or 0 nm to 
200 nm) is used. 

In general, the thresholdless antiferroelectric mixed liquid crystal has large 
spontaneous polarization, and the dielectric constant of the liquid crystal itself is high. 
Thus, in the case where the thresholdless antiferroelectric mixed liquid crystal is used for 
a liquid crystal display device, it becomes necessary to provide relatively large holding 
capacitance for a pixel. Thus, it is preferable to use the thresholdless antiferroelectric 
mixed liquid crystal having small spontaneous polarization. It is also permissible to design 
such that a driving method of the liquid crystal display device is made linear sequential 
driving, so that a writing period (pixel feed period) of a gradation voltage to a pixefris 
prolonged and small holding capacitance is compensated. 

Since low voltage driving can be realized by using such a thresholdless 
antiferroelectric mixed liquid crystal, low power consumption of the liquid crystal display 
device can be realized. 

Incidentally, as long as a liquid crystal has electro-optical characteristics as shown 
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in Fig. fl^ny liquid crystal can be used as a displ^feedium of a liquid crystal display 
device of the present invention. 

[Embodiment 14] 

ArCMOS circuit and a pixel matrix circuit formed through carrying out the present 
5 invention may be applied to various electro-optical devices. 

Enumerated as such an electronic equipment is a projector (a rear-type projector or 
a front-type projector), an example of which is shown in Figs. 15 A to 15D. 

Fig. 15A shows a front-type projector comprising a display device 2601 and a screen 
2602. The present invention is applicable to the display device and other signal control 
10 circuits. 

Fig. 15B shows a rear-type projector comprising a main body 2701, a display device 
2702, a mirror 2703, and a screen 2704. The present invention is applicable to the display 
device and other signal control circuits. 

Fig. 15C is a diagram showing an example of the structure of the display devices 

15 2601 and 2702 in Figs. 15A and 15B. The display device 2601 or 2702 comprises a light 
source optical system 2801, mirrors 2802 and 2804 to 2806, dichroic mirrors 2803, a 
prism 2807, liquid crystal display devices 2808, phase difference plates 2809, and a 
projection optical system 2810. The projection optical system 2810 consists of an optical 
system provided with a projection lens. This embodiment shows an example of "three 

20 plate type", but not particularly limited thereto. For instance, the invention may be applied 
also to "single plate type". Further, in the light path indicated by an arrow in Fig. 15C, 
an optical system such as an optical lens, a film having a polarization function, a film fcr 
adjusting a phase difference, an IR film may be provided on discretion of a person who 
carries out the invention. 

25 Fig. 15D is a diagram showing an example of the structure of the light source optical 

system 2801 in Fig. 15C. In this embodiment, the light source optical system 2801 
comprises a reflector 2811, light sources 2812, 2813 and 2814, a polarization conversion 
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mm>l5, and a condenser lens 2816. The lieSlBi 



source 



elememmiS, and a condenser lens 2816. The ligMeurce optical system shown in Fig. 
15D is an example thereof, and is not particularly limited. For instance, on discretion of 
a person who carries out the invention, the light source optical system may be provided 
with an optical system such as an optical lens, a film having a polarization function, a film 
5 for adjusting" the phase difference and IR film. 

As described above, the present invention has so wide application range that it is 
applicable to electronic equipments in any fields. In addition, the electronic equipment 
of this embodiment may be realized with any construction obtained by combining The 
embodiments 1 to 10, and 13. 
10 The present invention has the following effects. 

By carrying out the present invention using the apparatus shown in Fig. 13, steps are 
ended without exposing an interface (at a main surface side or rear surface side) of an 
active layer of a TFT to the atmosphere, so that a very clean interface can be realized. 
By such a structure, especially an interface between an active layer and a gate 
15 insulating film which affects electric characteristics of a TFT can be made clean, so that 
TFTs having excellent electrical characteristics with less fluctuation can be realized. 

Besides, since mixture of contaminants contained in the atmosphere, especially 
boron is prevented by a protection film, and an impurity to give conductivity is added 
through this protection film, so that accurate threshold value control can be realized. 
20 Conventionally, in the case where the SIMS analysis is carried out, an interface (at a main 
surface side or rear surface side) of an active layer (channel formation region) of a TFT 
has a concentration peak (indicated by broken line B in Fig. 14) of boron and the peak 
value is 1 x 10 18 atoms/cm 3 or more. However, an interface (at a main surface side or refcr 
surface side) of an active layer (channel formation region) of a TFT fabricated by using 
25 the present invention has no concentration peak of boron, but shows an almost uniform 
concentration profile (solid line A in Fig. 14), and it is possible to realize that the 
maximum value of boron concentration is made 3 x 10 17 atoms/cm 3 or less, preferably 1 
x 10 17 atoms/cm 3 or less. Besides, it is possible to realize that the concentration of oxygen 
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active 



in the a^P layer (channel formation region) is x^pl x 10 19 atoms/cm 3 or less, the 
concentration of carbon is made 5 x 10 18 atoms/cm 3 or less, and the concentration of 
nitrogen is made 5 x 10 18 atoms/cm 3 or less. Besides, it is possible to realize that the 
concentration of sodium in the active layer (channel formation region) is made 3 x 10 16 
atoms/cm 3 or less. 

At this time, it is possible to realize that a threshold voltage as a typical parameter 
of a TFT is -0.5 to 2 V for an N-channel TFT and 0.5 to -2 V for a P-channel TFT. 
Besides, it is possible to realize that a subthreshold coefficient (S value) is 0.1 to 0.3 
V/decade. 

Besides, as shown in the above embodiments, it is possible to obtain a TFT provided 
with an LDD structure having high reproducibility, improved stability in the TFT, and 
high productivity. By using the present invention, a mask used for formation of an LDD 
structure is used as it is as a light shielding film, and it is possible to realize that an active 
layer, especially a channel formation region is protected against deterioration by light and 
reliability can be improved. Besides, by omitting a removing step of a mask, manufacture 
of a TFT in a short time has been made possible. In addition, since the mask functions as 
an insulating film at a crossing portion of a gate wiring line and other wiring lines, it is 
possible to realize reduction of interwiring capacitance and improvement of the electric 
characteristics of a TFT. 
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